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Liver transplant appears to be an effective option in 
prolonging survival and improving the quality of life 
in patients with end-stage liver disease. Data from The 
Brazilian Society of Solid Organ Transplant shows 
that 1,322 liver transplants were performed in Brazil 
in 2009 (ABTO 2009).
Although liver transplant is performed worldwide, it 
can be accompanied by serious and fatal complications 
such as infections, which are the most frequent cause of 
death during the post-transplant period. Invasive fungal 
infections (IFI) are associated with high rates of morbid-
ity and mortality, in part due to immunosuppression, but 
also because of the delay in diagnosis as a result of the 
nonspecific symptoms and poor specificity of currently 
used laboratory tests (Fung 2002).
The incidence of fungal infections after liver trans-
plant ranges from 4-50% and Candida spp and Aspergil-
lus spp are the most common aetiological agents. Other 
fungal species such as Cryptococcus neoformans, the 
non-Aspergillus filamentous species and the endemic 
mycosis agents such as histoplasmosis, coccidioidomy-
cosis and blastomycosis have variable incidences, de-
pending on the geographic origin of the patient (Singh 
2000, Fung 2002, Cruciani et al. 2006, Playford et al. 
2006). In two recent multicentre studies, the incidence 
of invasive candidiasis ranged from 68-78.7%, while 
the incidence of invasive aspergillosis and cryptococ-
cosis varied from 7.9-11% and from 6-7.1%, respectively 
(Neofytos et al. 2010, Pappas et al. 2010).
The epidemiology of fungal infections in Brazilian 
liver transplant recipients remains unknown. Obtain-
ing this information may contribute to improvements in 
antifungal prophylaxis and therapy practices. The aim 
of this study was to determine the incidence and epide-
miology of fungal infections in patients who underwent 
liver transplant in a large Brazilian liver transplantation 
centre over a six-year period.
PATIENTS, MATERIALS AND METHODS
This is an observational and retrospective study. The 
epidemiological and clinical data were collected from med-
ical registries of all liver transplant recipients > 18 years of 
age who underwent liver transplantation at Albert Einstein 
Israeli Hospital between January 2002-December 2007.
Albert Einstein Israeli Hospital is a private, tertiary, 
489-bed hospital. Almost 700 liver transplants have been 
performed in this hospital since 2002, when the Solid 
Organ Transplantation Program was established. 
All fungal infection episodes occurring within one 
year of liver transplantation were described regarding the 
aetiological agent and infection site. Fungal infection was 
considered “early” if occurred ≤ 90 days after transplanta-
tion or “late” if occurred > 90 days after transplantation. 
Fungal infections were also categorised as shown below:
Proven IFI - Was defined as one of the following: 
at least one positive blood culture for Candida spp or 
other pathogenic fungi, a positive culture for a patho-
genic fungus from a specimen collected from a normally 
+ Corresponding author: zickerm@yahoo.com.br
Received 13 November 2010
Accepted 8 April 2011
Epidemiology of fungal infections in liver transplant recipients: 
a six-year study of a large Brazilian liver transplantation centre
Michelle Zicker1/+, Arnaldo Lopes Colombo1, 
Ben-Hur Ferraz-Neto2, Luis Fernando Aranha Camargo1,2
1Universidade Federal de São Paulo, Rua Botucatu 740, 04023-900 São Paulo, SP, Brasil 
2Hospital Israelita Albert Einstein, São Paulo, SP, Brasil
Liver transplant seems to be an effective option to prolong survival in patients with end-stage liver disease, al-
though it still can be followed by serious complications. Invasive fungal infections (IFI) are related to high rates of 
morbidity and mortality. The epidemiology of fungal infections in Brazilian liver transplant recipients is unknown. 
The aim of this observational and retrospective study was to determine the incidence and epidemiology of fungal 
infections in all patients who underwent liver transplantation at Albert Einstein Israeli Hospital between 2002-2007. 
A total of 596 liver transplants were performed in 540 patients. Overall, 77 fungal infections occurred in 68 (13%) 
patients. Among the 77 fungal infections, there were 40 IFI that occurred in 37 patients (7%). Candida and Asper-
gillus species were the most common etiologic agents. Candida species accounted for 82% of all fungal infections 
and for 67% of all IFI, while Aspergillus species accounted for 9% of all fungal infections and for 17% of all IFI. 
Non-albicans Candida species were the predominant Candida isolates. Invasive aspergillosis tended to occur earlier 
in the post-transplant period. These findings can contribute to improve antifungal prophylaxis and therapy practices 
in Brazilian centres.
Key words: liver transplantation - mycoses - epidemiology
Fungal infection in liver transplant • Michelle Zicker et al.340
sterile site, a positive culture for a pathogenic fungus 
from a biopsy specimen (taken across a potentially colo-
nised mucosal surface) plus histopathology confirming 
fungal elements in tissue with local inflammation, evi-
dence of fungal endophthalmitis based on dilated fundo-
scopic examination, positive histopathology for fungal 
elements in a deep tissue biopsy, positive cryptococcal 
or histoplasma antigen test and clinical or radiographic 
evidence consistent with cryptococcosis or histoplasmo-
sis, a positive culture or histopathologic evidence of an 
endemic mycosis (blastomycosis, histoplasmosis or coc-
cidioidomycosis), positive culture for a mould (Aspergil-
lus spp, Fusarium spp, zygomycete) from a non-sterile 
body site together with clinical, histopathologic or radio-
logic evidence consistent with IFI, or evidence of fungal 
elements in a post mortem tissue evaluation (Singhal et 
al. 2000, Pappas et al. 2006). 
Probable IFI - Was defined as clinical illness con-
sistent with IFI in the absence of other causes of sepsis, 
together with positive fungal cultures from one or more 
non-sterile sites and supporting radiographic or other 
diagnostic methodologies but without histopathologic 
confirmation of the disease (Pappas et al. 2006).
Superficial fungal infection - Was defined as clinical 
signs and symptoms of infection and evidence of fungal 
elements on a non-sterile mucosal surface (oropharynge-
al, oesophageal, gastrointestinal, genital) (Pappas et al. 
2006). Oropharyngeal candidiasis diagnosis was based 
on clinical findings and oesophageal infection was diag-
nosed by the presence of consistent findings in an upper 
gastrointestinal endoscopic exam. Lower urinary tract 
infections due to the presence of Candida species were 
excluded because most cases of candiduria represent 
colonisation rather than infection and the distinction be-
tween colonisation and true infection is loose. 
Species identification was performed using the 
API kit (bioMérieux, Marcy I’Etoile, France) or the 
CHROmagarTM system. 
Cytomegalovirus (CMV) infection was defined by 
the presence of a positive CMV pp65 antigenemia result 
(≥ 1 cell/105 white blood cells) or a positive CMV poly-
merase chain reaction result (≥ 10 copies/106 white blood 
cells) after transplantation. 
Data analyses were performed in PASW Statistics 
18 (SPSS, Chicago, IL, USA). Mean and standard de-
viation or median and range were used for continu-
ous variables, while categorical variables were sum-
marised with counts and percentages. Graft survival 
analysis was performed based on the first liver trans-
plantation and excluding patients that were lost during 
follow-up within one year of transplant. Cumulative 
incidences per year of the most commonly encoun-
tered pathogens were calculated. IFI incidence within 
one year of transplantation was estimated using the 
Kaplan-Meier method. For patients who underwent 
multiple transplant procedures, the date of first trans-
plantation was used to calculate time to infection. The 
three-month and 12-month mortality rates after an IFI 
episode were also calculated. 
RESULTS
Patients - A total of 596 liver transplants were per-
formed in 540 patients. Sixty-six percent of the patients 
were male and the mean age was 51.3 years. Hepatitis C 
was the underlying liver disease in 276 (51%) patients. 
Tacrolimus and corticosteroid were the most frequent 
primary immunosuppressive drugs administered. Over-
all, 68 (13%) patients developed at least one fungal in-
fection episode and 37 (7%) had at least one episode of 
IFI. The 12-month patient and graft survival rates were 
70% and 75%, respectively. Demographic data and clini-
cal features are summarised in Table I.
Fungal infections - Seventy-seven fungal infections 
occurred in 68 (13%) patients. IFI accounted for 52% of 
(40 from 77 episodes) all fungal infections and tended 
to occur early (< 90 days) in the post-transplant period, 
as shown in Fig. 1. 
Invasive candidiasis was the most common fungal 
infection during both the early and late post-transplant 
periods and was described in 4.4% of the liver recipi-
ents. Candida species accounted for 82% (63 from 77 
episodes) of all fungal infections and for 67% (27 from 
40 episodes) of all IFI. Non-albicans Candida isolates 
were more likely to occur than Candida albicans. Asper-
gillus species accounted for 9% (7 from 77 episodes) of 
all fungal infections and for 17% (7 from 40 episodes) of 
all IFI. The incidence of aspergillosis in the study popu-
lation was 1.3%. Invasive aspergillosis tended to occur 
during the early post-transplant period. Cryptococcosis, 
histoplasmosis and fusariosis accounted for 5% each of 
all IFI (Tables II, III).
Most fungal infections that were considered “early” 
had a median time of onset of 13 days (range 1-78 days). 
IFI accounted for 44% (26 from 59 episodes) of all early 
fungal infections. Among early IFI (proven and prob-
able), pneumonia due to Aspergillus spp and peritonitis 
due to Candida spp were the most common clinical syn-
dromes reported. Late fungal infections had a median 
time onset of 135 days (range 102-365 days). Most late 
infections (78%) were classified as invasive infections 
and peritonitis due to Candida spp was the most fre-
quent diagnosis (Table IV). 
Fig. 1: Kaplan-Meier invasive fungal infection (IFI) incidence curve.
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TABLE I
Demographic characteristics and clinical features of 540 patients who underwent liver transplantation between 2002-2007
Characteristics Total (n = 540)
Age (years) (mean/SD) 51.3 ± 11.6
Gender (n/%)
   Male 359 66
Underline disease (n/%)
   Hepatitis C 276 51
   Alcoholic disease 57 11
   Hepatitis B 48 9
   Cryptogenic cirrhosis 37 7
   Fulminant hepatic failure 32 6
   Other 90 17
   More than one liver disease 185 34
Donor (n/%)
   Deceased 387 72
Anastomosis (n/%)
   Duct-duct 510 94
Surgical length (mean/SD) 7.5 ± 2.28
Intraoperative transfusion requirement (n/%) 350 65
Intraoperative transfusion units requirement (mean/SD) 7.9 ± 8.9
Days in intensive care unit (mean/SD) 8.6 ± 17.4
Retransplantation (n/%)
   Early 48 9
   Late 8 1
Reoperation (n/%a) 96 18
Biliary leak (n/%) 72 13
Vascular complications (n/%) 88 16
   Hemorrhage 43 8
   Hepatic artery thrombosis 38 7
   Portal vein thrombosis 6 1
   Hemorrhage and hepatic artery thrombosis 1 0
Immunossupressive drugs (n/%)
   Tacrolimus 423 78
   Cyclosporine 100 19
   Mycophenolate 228 42
   Azathioprine 72 13
   Corticosteroid 533 99
Rejection (n/%) 128 24
Acute renal failure after transplant (n/%) 189 35
Dialysis after transplant (n/%) 137 25
Cytomegalovirus infection after transplant (n/%) 98 18
Cytomegalovirus invasive disease after transplant (n/%) 37 7
Central venous catheter (n/%) 539 100
Parenteral nutrition (n/%) 103 19
Mechanical ventilation (n/%) 359 66
Patients with fungal infection (n/%) 68 13
Patients with invasive fungal infections (n/%) 37 7
Graft survival (n/%b)
   1-month 465 86
   3-month 428 79
   6-month 404 75
   12-month 380 70
Patient survival (n/%c)
   1-month 502 93
   3-month 458 85
   6-month 433 80
   12-month 404 75
a: retransplantation excluded; b: evasion excluded, considered only the first liver transplant; c: evasion excluded; SD: standard deviation.
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Among the early superficial fungal infections, there 
were 32 infections due to Candida species (25 episodes 
of oral candidiasis, 4 of esophagitis, 2 of vaginitis and 1 
of gastric candidiasis) and one episode of lower urinary 
tract infection due to Trichosporon pullulans. During 
the late post-transplant period, there were only four epi-
sodes of Candida esophagitis.
Overall, 300 (55.5%) patients used antifungal agents 
as empiric or microbiologically documented therapy. 
Only 138 (25.5%) patients received antifungal prophy-
laxis. Fluconazole at 50 mg daily was administered to 
88 patients (mean time: 11.4 days ± 6.0). Forty patients 
received fluconazole at 200 mg per day (mean time: 
15.1 days ± 9.9) and seven patients received fluconazole 
at 100 mg daily (mean time: 10 days ± 5.9). Conven-
tional amphotericin B was administered to only three 
patients at different doses: 10 mg, 25 mg and 40 mg 
(mean time: 10 days ± 4.6).
Fig. 2 shows the cumulative incidence per year of 
the most commonly encountered pathogens. It is worth 
noting that the incidence of invasive candidiasis has de-
creased since 2005, while antifungal prophylaxis use has 
increased since that time. No considerable change in the 
Aspergillus incidence has been observed.
The three-month and 12-month survival rates after 
IFI was 67.5% and 54%, respectively.
TABLE II
Incidence of aetiologic agents of the invasive fungal infection occurred in 540 patients 
who underwent liver transplantation between 2002-2007
Species
Early fungal infection
(n = 26)a
Late fungal infection
(n = 14)a
Total
(n = 40)a
Incidence
(n = 540)b
n % n % n % n %
Candida sp. 18 69 9 64 27 67 24 4.4
Aspergillus sp. 6 23 1 7 7 17 7 1.3
Cryptococcus sp. 0 0 2 14 2 5 2 0.4
Histoplasma sp. 0 0 2 14 2 5 2 0.4
Fusarium sp. 2 8 0 0 2 5 2 0.4
a: number of fungal infection episodes; b: study population.
TABLE III
Aetiologic agents of the invasive fungal infections occurred in 540 patients who underwent liver transplantation between 2002-2007
Species
Early fungal infection
(n = 26)
Late fungal infection
(n = 14)
12-month total
(n = 40)
n % n % n %
Proven invasive 16 62 13 93 29 73
   Aspergillus niger 1 4 0 0 1 3
   Aspergillus sp. 1 4 0 0 1 3
   Candida albicans 5 19 3 21 8 20
   Candida glabrata 3 12 3 21 6 15
   Candida krusei 1 4 0 0 1 3
   Candida parapsilosis 4 15 3 21 7 18
   Candida sp. 1 4 0 0 1 3
   Cryptococcus sp. 0 0 2 14 2 5
   Histoplasma sp. 0 0 2 14 2 5
Probable invasive 10 38 1 7 11 28
   Aspergillus fumigatus 1 4 0 0 1 3
   Aspergillus niger 1 4 0 0 1 3
   Aspergillus sp. 2 8 1 7 3 8
   Candida albicans 2 8 0 0 2 5
   Candida krusei 1 4 0 0 1 3
   Candida tropicalis 1 4 0 0 1 3
   Fusarium sp. 2 8 0 0 2 5
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DISCUSSION
The incidence of fungal infections in liver transplan-
tation varies by the presence of risk factors and depends 
on the studied period of time. Recently many centres have 
reported a lower incidence of fungal infections, even in 
the absence of antifungal prophylaxis. The evolution of 
immunosuppressive drug regimens and improvement in 
surgical techniques may explain this trend (Singh 2000).
In the present study, IFI was described in 7% of liv-
er recipients, which reflects a population with few risk 
factors. Similar incidences were previously described 
in low risk patients, while higher rates are found in pa-
tients with many risk factors (Patel et al. 1996, Rabkin 
et al. 2000, Fung 2002, Husain et al. 2003). In addition 
to a decreased need in intraoperative transfusion and 
shorter post-transplantation Intensive Care Unit (ICU) 
stay, a low proportion of patients underwent choledocho-
jejunostomy or had CMV infection. Singh et al. (2002) 
reported a correlation between the incidence of fungal 
infection and evolution of transplantation practices.
TABLE IV
Aetiologic agents and clinical syndromes of the invasive fungal infections occurred in 540 patients 
who underwent liver transplantation between 2002-2007
Aetiologic agents/
clinical syndrome
Early fungal infection
(n = 26)
Late fungal infection
(n = 14)
12-month total
(n = 40)
n % n % n %
Aspergillus 6 23 1 7 7 18
   Proven invasive 2 8 0 0 2 5
      Pneumonia 2 8 0 0 2 5
   Probable invasive 4 15 1 7 5 13
      Pneumonia 4 15 1 7 5 13
Candida 18 69 9 64 27 68
   Proven invasive 14 54 9 64 23 58
      Peritonitis 7 27 4 29 11 28
      Candidemia 4 15 2 14 6 15
      Empyema 2 8 0 0 2 5
      Endocarditis 0 0 1 7 1 3
      Duodenum nodules 0 0 1 7 1 3
      Surgical site infection 1 4 0 0 1 3
      Liver abscess 0 0 1 7 1 3
   Probable invasive 4 15 0 0 4 10
      Pneumonia 3 12 0 0 3 8
      Peritonitis 1 4 0 0 1 3
Cryptococcus 0 0 2 14 2 5
   Proven invasive 0 0 2 14 2 5
      Meningitis 0 0 2 14 2 5
Fusarium 2 8 0 0 2 5
   Probable invasive 2 8 0 0 2 5
      Cholangitis 2 8 0 0 2 5
Histoplasma 0 0 2 14 2 5
   Proven invasive 0 0 2 14 2 5
      Colon ulcers 0 0 1 7 1 3
      Pneumonia 0 0 1 7 1 3
Most IFI episodes were due to Candida species and 
non-albicans Candida isolates were more likely to be 
present than C. albicans. Aspergillus spp and Cryptococ-
cus spp ranked second and third after Candida. The re-
ported incidence of candidiasis in liver transplantation 
ranged from 35-91%, while the incidence of Aspergillus 
and Cryptococcus ranged from 9-45% and from 3-7%, 
respectively (Singh 2000, Salavert 2008). The wide range 
in the incidence rates of candidiasis in previously reported 
studies can be explained by differences in the classification 
of fungal infections as invasive or superficial with regards 
to non-sterile mucosal infection and lower urinary tract.
Candida infections are generally derived from en-
dogenous flora. Conditions that predispose a patient to 
Candida colonisation are frequent in liver transplant re-
cipients and can lead to overgrowth in the hepatobiliary, 
gastro-intestinal and genitourinary tracts and facilitate 
fungaemia and dissemination. The frequency of non-
albicans Candida isolates has increased. Proposed ex-
planations include: widespread use of fluconazol in the 
Fungal infection in liver transplant • Michelle Zicker et al.344
pre and post-transplant period, prolonged pre-transplant 
hospitalisation, nosocomial acquisition and use of broad-
spectrum antibiotics (Anonymous 2004). In this study, 
38.5% of patients received empiric fluconazole, 67.6% 
received broad-spectrum antibiotics and 10% stayed in 
the ICU before transplant.
Six out of seven episodes of invasive aspergillosis oc-
curred in the early post-transplant period. Environmental 
factors (the hospital was under construction for expansion), 
the improvement of diagnostic tests, earlier clinical suspi-
cion and the fact that higher risk patients have undergone 
transplant after the implementation of model for end-stage 
liver disease (MELD) in Brazil as a criterion in prioritising 
patients in the waiting list can explain this finding. 
The incidence of invasive aspergillosis compared to 
the incidence of cryptococcosis in liver transplant re-
cipients is different from the incidences found in kid-
ney transplant recipients. The incidence of aspergillosis 
in kidney transplant recipients is lower (0-26%) than the 
incidence of cryptococcosis (0-39%). The opposite has 
been seen in liver transplantation (Singh 2000). The main 
risk factor related to the development of cryptococcosis 
after solid organ transplantation is the immunosuppres-
sive regimen, particularly the use of corticosteroid drugs 
(Vilchez et al. 2002, 2003). In contrast to kidney recipi-
ents, most liver recipients are no longer receiving cor-
ticosteroid drugs during the late post-transplant period, 
a time when higher incidences of cryptococcosis have 
been observed. However, during the pre-transplant pe-
riod, liver recipients are under a greater risk of acquiring 
invasive aspergillosis due to their greatly immunosup-
pressed body. The higher survival rate of kidney recipi-
ents compared to liver recipients is another possible ex-
planation for the differences in incidence rates between 
cryptococcosis and aspergillosis (Pappas et al. 2010). 
Patients tended not to receive antifungal prophylaxis. 
A decrease in fungal infections due to Candida, particu-
larly those classified as “superficial,” has been observed 
since 2005. No relevant change has occurred in the As-
pergillus incidence. This finding is consistent with an 
increase in the use of antifungal prophylaxis targeting 
the Candida species during the same period. 
The present study shows three-month and 12-month 
survival rates after IFI of 67.5% and 54%, respectively. 
Mortality rates after an invasive fungal episode ranged 
from 50-92% in previous reports (Neofytos et al. 2010). 
Recently, Pappas et al. (2010) observed a 12-month sur-
vival of 59% in a surveillance study performed in solid 
organ transplant recipients. In a similar study, Neofytos 
et al. (2010) reported a three-month survival of 70% in 
a mixed population of organ recipients, but lower rates 
were observed in liver recipients, probably as result of 
the acuity of systemic illness and the patients’ underly-
ing compromised status.
The inclusion of oral and oesophageal candidiasis as 
superficial infections based on clinical findings and with-
out a positive culture is a limitation of this study. However, 
as this is a retrospective study based on medical records 
and little data are available about the epidemiology of 
fungal infections in Brazilian liver transplant recipients, 
we decided to retain this information in our analysis. An-
other limitation is the occurrence of two reported cases of 
biliary tract fusariosis. Patients presented with fever, no 
response to antibiotics and a positive biliary fluid culture 
for Fusarium. Although both patients had recovered after 
institution of antifungal therapy, the possibility of coloni-
sation could not be completely excluded.
In summary, this paper showed significant data re-
garding the epidemiology of fungal infection in Brazil-
ian liver transplant recipients. These data can contrib-
ute in the improvement of antifungal prophylaxis and 
therapy practices. 
REFERENCES
ABTO - Associação Brasileira de Transplante de Órgãos. [home-
page on the Internet]. São Paulo: Registro Brasileiro de Trans-
plantes, 2009 [cited 2010 Out 24]. Available from: www.abto.
org.br/abtov02/portugues/populacao/rbt/anoXV_n4/index.
aspx?idCategoria=2.
Anonymous 2004. Fungal infections. Am J Transplant 4 (Suppl. 10): 
110-134.
Cruciani M, Mengoli C, Malena M, Bosco O, Serpelloni G, Grossi P 
2006. Antifungal prophylaxis in liver transplant patients: a sys-
tematic review and meta-analysis. Liver Transpl 12: 850-858.
Fung JJ 2002. Fungal infection in liver transplantation. Transpl Infect 
Dis 4 (Suppl. 3): 18-23.
Husain S, Tollemar J, Dominguez EA, Baumgarten K, Humar A, Pat-
erson DL, Wagener MM, Kusne S, Singh N 2003. Changes in the 
spectrum and risk factors for invasive candidiasis in liver trans-
plant recipients: prospective, multicenter, case-controlled study. 
Transplantation 75: 2023-2029.
Neofytos D, Fishman JA, Horn D, Anaissie E, Chang CH, Olyaei A, 
Pfaller M, Steinbach WJ, Webster KM, Marr KA 2010. Epidemi-
ology and outcome of invasive fungal infections in solid organ 
transplant recipients. Transpl Infect Dis 12: 220-229.
Pappas PG, Alexander BD, Andes DR, Hadley S, Kauffman CA, Fre-
ifeld A, Anaissie EJ, Brumble LM, Herwaldt L, Ito J, Kontoyi-
annis DP, Lyon GM, Marr KA, Morrison VA, Park BJ, Patter-
son TF, Perl TM, Oster RA, Schuster MG, Walker R, Walsh TJ, 
Wannemuehler KA, Chiller TM 2010. Invasive fungal infections 
among organ transplant recipients: results of the Transplant-
Associated Infection Surveillance Network (TRANSNET). Clin 
Infect Dis 50: 1101-1111.
Fig. 2: cumulative incidence of the most common ethiologic agents of 
invasive fungal infections and antifungal prophylaxis use per year of 
transplantation.
12
10
8
6
4
2
0
2002 2003 2004 2005 2006 2007
90
50
40
30
20
10
80
70
60
0
Year of transplantation
E
tio
lo
gi
c 
ag
en
ts
 (%
)
A
nt
ifu
ng
al
 p
ro
ph
yl
ax
is
 (%
)
Candida Aspergillus Other Antifungal prophylaxis
345Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 106(3), May 2011
Pappas PG, Andes D, Schuster M, Hadley S, Rabkin J, Merion RM, 
Kauffman CA, Huckabee C, Cloud GA, Dismukes WE, Karch-
mer AW 2006. Invasive fungal infections in low-risk liver trans-
plant recipients: a multi-center prospective observational study. 
Am J Transplant 6: 386-391.
Patel R, Portela D, Badley AD, Harmsen WS, Larson-Keller JJ, Il-
strup DM, Keating MR, Wiesner RH, Krom RA, Paya CV 1996. 
Risk factors of invasive Candida and non-Candida fungal infec-
tions after liver transplantation. Transplantation 62: 926-934.
Playford EG, Webster AC, Sorrell TC, Craig JC 2006. Systematic re-
view and meta-analysis of antifungal agents for preventing fun-
gal infections in liver transplant recipients. Eur J Clin Microbiol 
Infect Dis 25: 549-561.
Rabkin JM, Oroloff SL, Corless CL, Benner KG, Flora KD, Rosen HR, 
Olyaei AJ 2000. Association of fungal infection and increased 
mortality in liver transplant recipients. Am J Surg 179: 426-430.
Salavert M 2008. Prophylaxis, pre-emptive or empirical antifungal 
therapy: which is best in non-lung transplant recipients? Int J An-
timicrob Agents 32 (Suppl. 2): 149-153.
Singh N 2000. Antifungal prophylaxis for solid organ transplant recipi-
ents: seeking clarity amidst controversy. Clin Infect Dis 31: 545-553.
Singh N, Wagener MM, Marino IR, Gayowski T 2002. Trends in inva-
sive fungal infections in liver transplant recipients: correlation with 
evolution in transplantation practices. Transplantation 73: 63-67.
Singhal S, Ellis RW, Jones SG, Miller SJ, Fisher NC, Hastings JG, 
Mutimer DJ 2000. Targeted prophylaxis with amphotericin B 
lipid complex in liver transplantation. Liver Transpl 6: 588-595.
Vilchez R, Shapiro R, McCurry K, Kormos R, Abu-Elmagd K, Fung 
J, Kusne S 2003. Longitudinal study of cryptococcosis in adult 
solid-organ transplant recipients. Transpl Int 16: 336-340.
Vilchez RA, Fung J, Kusne S 2002. Cryptococcosis in organ trans-
plant recipients: an overview. Am J Transplant 2: 575-580.
